d 33 = 600 pC/N). A moderate-performance system was included with 1 0.33Pb(Ni 1/3 Nb 2/3 )O 3 -0.67PbTiO 3 (PNN-PT, d 33 = 400 pC/N). By using the present 2 method of in-situ high-energy SXRD technology combined with appropriate 2D 3 scattering geometry (see Fig. S1(a) , of the Supplemental Material [ 26 ] ), the 4 diffraction patterns at the 45° sectors contain negligible effects of preferred 5 orientation, which allows extracting the important piezoelectric-related structure 6 information, such as the polarization rotation behavior. This strategy to minimize the 7 effect of preferred orientation is analogous to the important method reported by 8 Hinterstein et al. [16, 36] . The in-situ diffraction data were collected during the 9 unloading procedure from an electric field near the coercive field (E C ) to zero electric 10 field (E = 0 kV/mm). More experimental details are provided in the Supplemental 11
Material [26] . Rietveld refinement show that the monoclinic (Cm) phase yields the best agreement. 11
For instance, for PMN-PT ceramic at 0.42 kV/mm [ Fig. 1(a) Even though all these piezoceramic systems exhibit the same monoclinic structure 19 monoclinic M A structure has been observed under applied weak electric field [10] . 15 The value of polarization can be estimated by considering a purely ionic state. The 16 magnitude of polarization in four piezoelectric systems almost maintains unchanged 17 in the studied electric field range (Fig. S10 of Ref. [26] ), which indicates that electric 18 field drives the rotation but not the magnitude change of polarization vectors. 19 As displayed in Fig. 2(a Fig. 2(b) ]. The higher rate of 5 polarization rotation conforms to a high piezoelectric coefficient d 33 . A large value of 6 dθ/dE empowers a small electric field to drive a large change of polarization vector 7
angle. This critical role of polarization rotation can also be supported by the 8 phenomenon that the electric field necessary for polarization rotation decreases 9 significantly when approaching the critical point where the piezoelectric performance 10 is maximum such as in the PMN-PT single crystals [11] . This is in accordance with 11
Landau-Ginsburg-Devonshire (LGD) phenomenological theory as facilitated 12 polarization rotation manifests large dielectric susceptibility, and therefore gives rise 13 to large piezoelectric response [23] . 14 Piezoelectric response is generally contributed from the intrinsic lattice strain and 15 extrinsic domain switching effects. Since the present four piezoelectric systems 16 exhibit a single monoclinic structure, the extrinsic domain switching and the intrinsic 17 lattice strain contributions can be extracted from the {002} PC profile at the 0° sector, 18 which was fitted by two peaks using Pseudo-Voigt function [18] . The changes of 19 integrated intensities of the reflections can be correlated to the domain switching 20 (η norm ). η norm indicates the normalized relative volume fraction of switched domains, 21 which is suitable for comparison among different symmetries. The position shift of 22 the reflections can be utilized for evaluating the lattice strain (ε) [18, [37] [38] [39] [40] [41] . The 23 electric field dependence of η norm is plotted in Fig. S11(a) of Ref. [26] . Firstly, it is 1 interesting to find that the monoclinic phase exhibits a very large domain 2 rearrangement fraction by electric poling. The value of η norm is above 70% for the four 3 piezoelectric systems after the release of electric field, which is much higher than that 4 of T and R phases [37, 38] . A large value of η norm was also observed in the monoclinic 5 PbZr 0.535 Ti 0.465 O 3 ceramic [18] . It strongly supports the notion that the non-180° 6 domains of the monoclinic phase are much easier aligned to electric field direction as 7 compared to the tetragonal and rhombohedral ones [42] . Secondly, monoclinic phase 8 exhibits negligible domain switching after electric poling. To quantitatively estimate 9 the domain switching of monoclinic phase as function of electric field, the ratio of 10 with those of T and R phases [18, 39, 40] . Thus, the piezoelectric response of the 15 monoclinic phase must originate from the intrinsic contribution of lattice strain. 16 The electric field dependence of lattice strain is provided in Fig. S11(b Schematic illustration of the coupling between electric-field-driven-polarization 8 rotation and intrinsic lattice strain. 9
As presented in Fig. 2 (b) and (c), the critical role of monoclinic polarization 10 rotation for the high-performance of piezoelectrics has been corroborated. Here we 11 emphasize the fundamental relationship between the piezoelectric property and crystal 12 structure for lead-based perovskites [ Fig. 3(a) ]. Importantly, the M A phase 13 corresponds to the highest piezoelectric performance, while the other crystal 14
